BSTRACT
The .Industrial Engineer is caught between the Industrial Revolution and the Information revolution. He is confronted with choosing between pragmatic improvements in productivity and efficiency of a single operation or the opportunistic modelling and reshaping of the networked "virtual enterprise" to become more competitive in a global marketplace . The diagram below depicts the different extremes of the Industrial Engineering timeline. This implies that the two societies (Industrial and information) might have conflicting characteristics which requires careful repositioning of the Industrial Engineer to ensure that the benefits that can be obtained from the two societies are maximised. This paper documents the development of Industrial engineering , then evaluates the nature of the much publicized Information revolution and its impact on society. In order to establish the nature and composition of contemporary Industrial Engineering in the 1990' s, an analysis and categorization of the literature in four journals for the last two years are performed. This is enhanced with an INTERNET search into Industrial Engineering Research and developments that are currently under development.
From these results the similarities and differences of the two revolutions and the characteristics of the two societies are compared. The authors then identify some opportunities and some threats for the Industrial Engineer and concludes that a combined approach is applicable and necessary . The Industrial Engineer can not afford to ignore the key concepts of either of the two societies. .
INTRODUCTION
Industry and Industrial Engineering are in a continuous process of improvement (KAIZEN -Japanese word for continuous incremental improvement effort) and changes to standard operating procedures and work methods are the norm rather than the exception. The move toward more holistic modelling and integration is manifesting itself in new approaches or "buzz words" like "Enterprise engineering", Busines s process "Re-engineering" and "Concurrent Engineering". These are all based on and facilitated by rapid improvements in the functionalit y and growth of information technology. The extend to which information technology is impacting industry , but also the normal citizen has culminated into an era that is compared by variou s authors as "The Information Revolution" .
Some authors equate this to a "Rubicon" of similar import ance than that of the Industrial Revolution that started in 1785 in England, about 1800 in the U.S.A. and about 1825 in Europe . The key issue is change and the information revolut ion is instigating change of substantial magnitude, primarily in the area of manipulation of information, re-use of designs and networking of resources . Key concepts of this era are the knowledge worker, the global village and empowering developments in power and ease of use of computer software that are utilised by the informat ion society. These developments led to an era with a strong focus also on Computer Assisted Learning and the development of substantial amounts of educational courseware.
The Industrial Engineer, with his knowledge of the Systems Engineering approach, Inform ation Technolog y, Manufacturing Technology and integration of system components, is well positioned to be a major agent of change in this new revolution.
This article provides an overview of the development of Industrial Engineering since the Industrial Revolution . It categorises the development of Industrial Engineering into five phases and discusses some of the impacts of the Information Revolution on the profession. In conclusion some opportuniti es and also some threats are listed as perceived relevant to Industrial Engineering.
INDUSTRIAL ENGINEERING TIMELINE
Industrial Engineering focuses on creation of wealth and improved utilization of all resources (Salvendy 1992 .) The development of the profession in striving to achieve these goals can be divided into five phases :
• 
INDUSTRIAL REVOLUTION
The Industrial revolution initiated much of the birth and initial development of the Industrial Engineering profession. Some of the great breakthroughs in achieving the aims of improvement of wealth and optimal utilization of resources were the harnessing of energy (stearn in 1764 and electricity in 1812 and internal combustion liquid fuel in 1876). Improving Manufacturing Technology, inter-changeability of parts and accurate machine tools introduced the era of the manufacturing engineer with big contributors like Maudsley (1810) and Henry Ford in the 1900's.
These events triggered the development of an industrial society with the following characteristics:
INDUSTRIAL SOCIETY
• Specialization of labour Mechanical and electrical energy
• Standardization and interchangeable parts
• Precision from machines, not men
• Mass production (the assembly line) and mass demand Management typified by an internally focused functional hierarchical burdened bureaucracy
ESTABLISHING AN IDENTITY
The involvement of engineers and scientists in the industrialization activities led to the term Industrial Engineer early in the 1900's. The following subsequent developments and contributions are relevant.
Harnessing the human as a production resource by providing the correct work methods, tools and work categories, further led to improved productivity. The contributions of Frank and Lillian Gilbreth in 1885 and Taylor and Hollerith in 1898, are important milestones.
The practitioners of Industrial Engineering evolved from purely pragmatic problem solvers to more scientific designers and improvers' of production systems by the publication of research and development material.
BECOMING SCIENTIFIC
An important contribution in the process of developing a scientific base is the improved understanding of management of production activities. This was documented by F. \V. Taylor's book, "The principles of scientific management" in 1911. The second world war focussed much more resources on scientific development work of the man-machine interface, specifically for fighter pilots and operations research applications in search theory. This is generally believed to have led to a Rubicon for the Industrial Engineer in the sense that he has evolved from an empirical pragmatist to a scientific mathematically supported design and integration engineer.
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Another important development was the inception of the total quality management drive that started just after the second world war in Japan. The work of Deming and Juran is still considered of great importance today.
ESTABLISHING AN ELECTRONIC LABORATORY
The advent of the digital computer in the 1960's introduced a new era which enabled the Industrial Engineer to experiment with production systems in a "virtual laboratory". Although crude at the start, it made it possible for the Industrial Engineer to experiment with transformation system components without disrupting actual systems or building full sized or scaled (physical) actual experimental setups.
The ability to "model" and experiment with the Real world was greatly enhanced by the understanding of large production systems and the complexities of planning such production systems.
Understanding of complex production systems also increased. In 1973 Toyota motor company implemented the Just-in-Time production system that focused on reducing the variability in the production process and adding value not before it is required. Materials requirement planning (MRP) and Manufacturing Resources Planning (MRP II) became widely publicized and were also used to some extent for planning the production of products with a time dependent demand pattern.
PERSONAL COMPUTING: A NEW TOOL
The advent of the personal computer in the early ·1980's gave new meaning to the concept of "desk top laboratory experimentation". This development empowered the Industrial Engineer to not only experiment, but also increasingly manage large transformation systems efficiently and in more detail. The development of the personal computer and its competitive pricing structures led to major computerization of production and service industries. It also changed the face of the secretarial functionality in the organization. The growth and level of maturity of software in the fields of Linear Programming and general system simulation with graphical user interfaces moved the systems experimentation from the research and development environments of the universities and research institutions to the production environments of larger corporations and general Industrial Engineering consultants.
NETWORKING: ESTABLISHING CONNECTIVITY
The improved communications through computer, telephone and transportation networks greatly contributed towards collaboration not only in research and development, but also in production operations.
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. rutT HE INDUSTRIAL ENGINEER: CAUGHT BE1WEEN 1WO REVOLUTIONS?G lobal competition and inter-company performance evaluation or benchmarking and concurrent engineering introduced concepts of sharing knowledge . also between competitors which led to improved products and lower cost. (It also neutralised some of the non-productive organisations. )
REACHING MATURITY -ENGINEERING THE WHOLE ENTERPRISE
The Industrial Engineering function of designing and managing transformation processes reached maturity when computerization and connectivity made it possible to design and manage enterprise as a whole rather than components of the enterprise in somewhat isolated fashion. Although these developments made the task of the Industrial Enginee r more complex. It also enabled him/her to re-use, integrate and access information and resources globally, and extend human abilities with less effort through the computer and its networking and modelling abilities.
It is relevant to this discussion to briefly evaluate some of the characteristics of the Information Revolution as this is probably the biggest contributor to empower mature Industrial Engineering on enterprise level. Stewart (1994, p55 ) highlights a number of characteristics and initiating developments of the information revolution . Although the numbers have changed, it still provides a concise summary of certain trends. These are briefly listed below:
INFORMATION REVOLUTION

SURPASSING INDUSTRIAL AGE INVESTMENTS
Capital investment in the "Industrial age" {Industrial equipment, machinery for services , mining, oil fields, agriculture and construction (Except tractors) } of $120 Giga-dollar was equaled in 1991 by capital investment in "information age" {Computers and communications equipment} .
FACILITATING CONNECTIVITY: THE FIBRE-OPTIC CABLE.
The 2 Mbit/sec transfer rate ceiling of copper was removed with the introduction of glass cable. In 1992 North American manufacturers shipped more than 5 million kilometers of fiber-optic cable .
ESTABLISHING INTER-CONNECTIVITY -THE INTERNET
The ability to communicate through computer networks was born in 1956 when the Russians launched Sputnik (the first artificial earth satellite) and the USA formed ARPA (Advanced Research Projects Agency) to establish US lead in science and technology applicable to military .
In 1969 ARPANET was commissioned with the first nodes at leading Universities such as the Stanford Research Institute. In 1973 the first international connections to the ARPANET were made to England and Norway. It is estimated that by 1998 data communications business will be of the order of $ 40 Giga-dollar per year as the flow of electrons replaces a flow of funds and goods.
EMPOWERING THE KNOWLEDGE WORKER -MATURE COMPUTINGSOFnWARE
The maturity level of general office software like MICROSOFT OFFICETM, WORDPERFECT OFFICE TM and Information integration software such as Lotus Notes" has changed the nature of tasks in the office and home. Availability of a general encyclopedia like MS ENCART A™ (representing some 500 person years in development work) has made information available to every person with access to a computer. It is no longer the person who can find the right information that will win the "race", but rather that person who can synthesize or ad value by combining and present ing multiple sources of applicable informa tion. This should be integrated with sound scientific analysis and engineering problem solving expertise.
FACILITATING RE-USABILITY -INFORMATION CLEARINGHOUSES
The business of finding the right information in an era where knowledge is doubling at a rate of once in ten years, has also been addressed. "An information Clearinghouse Server for Industry consortia" is the title of a paper presented by Smithson and Singer at the Fall 1994 World Wide Web Conference . It outlines the initiatives of Enterprise Integration Technologies in setting up a WWW-based information system to support organization in disseminating marketing information to Industry. This type of service of supplying the right information will expand and become more important and will impact the Industrial Engineering profession.
FACILITATING HUMAN RESOURCE DEVELOPMENT PROGRAMMES
The importance of the information revolution to Research and Development and teaching has been ident ified by the leading nations of the world. The substantial investment of the USA, UK and European Economic Community in Computer Assisted Learning and training programmes and general use of the computer in research and developmental work is producing some very useful material and software . These could further empower individuals to make even bigger contributions to the creation of wealth . The Industrial Engineer responsible for human resource development should stay informed about available resources of such a nature . Initiatives such as the C'I'I (Computers In Teaching Initiative), and TLTP (Teaching and Learning Technology Programme ) of the British Government , produce material and coordinate information on applicable software in different disciplines. .
RESEARCH AND DEVELOPMENT and INDUSTRIAL ENGINEERING (R&D)
The Information revolution also made its impact on research and development in the field of Industrial and systems engineering. The author researched these developments as visiting professor at the catholic University of Leuven.
To establish the general trends in Industrial Engineering applications, a categorization of the topics of most recent publications in the following journals was made: .
• Industrial Engineering,
• Harvard Business Review,
• Fortune International,
• Logistics Information Management.
The different titles were categorized into five major categories as indicated in figure  4 .1 below. The different titles were further divided into secondary subject areas as summarised in tables in APPENDIX A. The main category headings are:
DISTRIBUTION OF PUBLICATIONS PER MAJOR CATEGORY
• The Industrial Engineering profession which dealt with profession related issues.
Integrated Transformation Engineering which dealt with the design and improvement of the transformation or production process. Enterprise Engineering which dealt with designing and improving the enterprise and its components.
Design In The Large that addresses product design, manufacturability and maintainability.
In addition to the analysis of articles in journals, the CYBERSPACE was searched for contemporary research and developmental work in the field of industrial and systems engineering. The rationale behind this decision is that the lead-time for papers and articles in Industrial Engineering journals is shorter than that of text books, but substantially longer than that of electronic media sources. Apart from the global systems approach and focus on the enterprise as a design unit, some very interesting Research and Development activities were found . Three of these will be discussed briefly.
STANFORD UNIVERSITY: THE SHARE PROJECT
This project focuses on a Scalable Framework and Methodology for Concurrent Engineering. The objectives of the project are to facilitate "teams of engineers to achieve a shared understanding of their designs and design processes, using agentbased computational tools and services for communication, collaboration, analysis and synthesis." The approach is to develop sharable design representations that also contain the decisions and rationale associated with the specific artifact. A distributed architecture enables human and computational agents to communicate and cooperate in solving engineering problems. The development of incremental, interactive concurrent engineering tools for analysis and synthesis is therefore relevant.
The SHARE environment was used by 15 teams working on industry sponsored projects using the INTERNET. Seventeen different industrial groups were involved in this testing and electronic documents were delivered to industrial sponsors as a design library using the World Wide Web. 
UNIVERSITY OF TORONTO: Integrated Supply chain management
Another interesting Industrial Engineering activity is research and development on integrated Supply Chain management at the university of Toronto in Canada.
The goal of this project is "focuses on the control side of managing the supply chain . In particular, the goal is to create a set of intelligent agents that can cooperatively perform supply chain management functions in real time." This project aim to go beyond MRP and MRP II, and develop more sophisticated planning and scheduling algorithms to manage the total supply chain with improved overall quality of management. Interactions between agents in the supply chain are also addressed to accommodate the dynamics of the logistics systems within the supply chain . PROLOGTM axioms will be used to develop a generic model. 
The AIMS project: Agile Infrastructure for Manufacturing Systems
This project is a collaborative effort by Lockheed, General Motors , Martin Marietta and Texas Instruments to create an Agile Manufacturing Infrastructure in the USA Defense and non-defense industries and illustrate its effectiveness in daily production.
The purpose of the AIMS project is to enhance the USA competitiveness and defense readiness by unifying its commercial industrial base and its defense manufactur ing base through a common information infrastructure . It will further allow the manufacturers and suppliers of the USA to "focus on core competencies without sacrificing on breadth of capability ." AIMS will encompass business processes , information technology and manufacturing technology in an integrated approach as is depicted in figure 4 .3 below. The AIMS project will use a network of certified manufacturing services linked via the INTERNET. The certification of suppliers is based on standardised business processes , product data formats and network interfaces as depicted in figure 4.3. "Thirt y years of Cold War have left the US with two parallel industrial infrastructures -one for defense , the other for general commerce. Each sector relies on distinctive technologies, production processes , and business practices. This legacy has made defense systems unaffordable and encumbered our industrial competitiveness. The new world order demands a unified industrial base where defense and commercial products share dual-use technology and are manufactured on agile production processes that respond rapidly to changes in customer requirements and demand ." The different agent of the AGILE infrastructure then provide s service to the "virtual corporation" or Agile Enterprise as is depicted in figure 4 .4. From the above three examples two important insights were developed:
1. The maturity levels of the Industrial Engineer to design and improve on enterprise or even international levels are attributable to technologies of the information revolution with the communication function of the INTERNET of paramount importance. 2. The benefits of using the INTERNET to obtain and provide Research and Development information, but also to obtain a competitive edge in industry, is not realized at all. The Industrial Engineer in both research and development, but similarly in normal industry, cannot afford not to make full use of the tools that is provided by the information revolution. It is, however, crucial to understand the characteristics of the information age and the subtle changes that is implied by it, as well as the similarities between the Information revolution and the Industrial revolution of 100 years ago. These will be briefly discussed in the following paragraphs. 
. KEY CONCEPTS OF THE TWO DIFFERENT SOCIETIES
The following are some of the key concepts of the two societies:
INDUSTRIAL SOCIETY
The Industrial society of the past 100 years was developed, as indicated in 2. 
INFORMATION SOCIETY
In sharp contrast, the characteristics or key concepts of the Information age are:
• The Global village: Through networked computers it is possible for the knowledge worker to add value practically from any convenient spot on the globe.
• Knowledge worker: More and more people are self-employed and are working through "gray muscles" rather than conventional hand labour.
• Life long learning: The rates at which new knowledge is developing and made available to individuals will place an increasing priority on continuous learning in order to stay competitive in the market. This is even more relevant to the Industrial Engineer.
• Democratization of computing: Computing is becoming as common as driving an automobile. In some parts of the world it is even more common as people opt to not own and use their own transportation artifacts. This empowers individuals to make bigger contributions to the value adding processes of organisations.
• Enterprise wide information sharing: With increased connectivity and cheaper storage and data collection equipment, an ever increasing amount of information is available throughout the enterprise. The competitive edge is obtained by those who optimally utilise this information.
• Process oriented horizontal company structures: Companies are restructuring in the ever increasing global competition race. This normally implies empowered workers with the ability to compete on time to market, price, quality and product flexibility in the World Class Manufacturing Arena. ustomer satisfaction focused: The customer is "king" and competitors will even exchange non-critical production transformation information in an effort to improve productivity and efficiency.
• Maximum information sharing: The focus on World Class Manufacturing status forces management to share an increasing amount of information in a repositioned organizational structure.
THREATS TO THE INDUSTRIAL ENGINEER
The threats of the information revolution to the Industrial Engineer are summarized by the individual's inability to accommodate change. The Industrial Engineers who are not willing to adjust to the changes will be left behind in an arena where opportunities are utilised by those who understand the new era of the information age.
More specifically, the threats are situated in:
A reluctance to sharing of power
• A reluctance to adapt to the continuous learning process .
A reluctance to ·make costly investments and upgrading of personal and enterprise equipment.
• A reluctance to adapt to the continuous changes that are forced upon industry at an increasing rate, and that are inevitable if competi tiveness and bottom line profits are important.
OPPORTUNITIES FOR THE INDUSTRIAL ENGINEER
The opportunities for the Industrial Engineer are lucrative and challenging. The training and skills of Industrial Engineers as system integrators and man-machine interface builders position them favourably to make maximum use of the information revolution. It is their duty to ensure that they:
• Contribute and share in developing opportunities within existing environments
Become the agents to facilitate in planning the inevitable changes that will be required However, they can now be integrated into a more holistic approach to improve quality, productivity and thus profitability. This is possible through more mature and integrated planning and control functionality being made possible by the Information Era.
KEY IMPROVEMENT FACTORS OF THE INDUSTRIAL AGE
The key improvement factors of the industrial age as listed by Konz (1984) are still relevant and must be integrated in any systems approaches to enterprise improvement. They are:
IMPROVED PRODUCT DESIGN
Improved product design led to improved productivity. The following were rectified:
• Improper design
Non-standardization
Incorrect quality standards
Material wastage
IMPROVED MANUFACTURING METHODS
Manufacturing methods impacted the Industrial Revolution. This was done by focusing on:
Incorrect tools
• Incorrect use of tools
IMPROVED MANAGEMENT
Incorrect methods
• Incorrect layouts
The improvements in management were obtained by focusing on:
• Too wide variety of products Inadequate product design Poor production scheduling
8.4-IMPROVED WORKER OUTPUT
Inadequate maintenance
Poor quality assurance
Inadequate concern for working conditions
The contributions of workers were obtained by addressing the problems of:
• Late starters
• Absence without cause
CONCLUSIONS
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• High scrap rates'
• Accidents through carelessness
The following conclusions were made:
Industrial Engineering has finally become empowered and reacheda level of maturity that was greatly facilitated by the Information era. This is manifested in the ability to model and experiment on enterprise level, to co-ordinate and manufacture and compete on an international level and to continue to contribute towards wealth creation and improved utilization of resources.
The successful Industrial Engineer of the future will base his success on the efficiency with which he:
• Understand the Information era and its subtle and not so subtle differences from the Industrial era.
• Continue to improve his ability to find the latest resources and intellectual inventory globally, to add value and to re-use these resources optimally .
• Continue to understand those basic success factors of the Industrial Age and continue to integrate those "basic truths" into a modelling and control environment within the enterprise which will not become less comple x or demanding .
To enable the Industrial Engineer of tomorrow to do this efffectively, training and education should focus on both the basic engineering principles and the global enterprise systems. This will empower the Industriai Engineer to fullfill their challenging role in modern society.
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